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Report  No.  8926- I38 

Material  -  Steel  -  Stainless  -  Type  1+22M 
United  States  Steel  Corporation  l2MoV 

Resistance  and  Fusion  Weld  Strengths 


Abstract ; 


The  resistance  and  fusion  weld  strengths  of  United  States  Steel 
Corporation  12MoV  stainless  steel,  a  modified  125^  chromium  steel, 
were  determined  with  sheet  .material  which  was  heat  treated  by  aus¬ 
tenitizing  at  1850“?.,  air  cooling  and  tempering  at  900‘’F.  for  4  hours, 
and  welding.  Resistance  welded  O.OO8,  O.OI6,  0.025  and  0.050  inch 
thick  sheets  were  generally  capable  of  meeting  Specification  MIL-W- 
6858  tensile- shear  strength  requirements  with  tensile  shear-cross 
tension  ratios  of  about  0.20  when  welded  in  the  full  heat  treated 
condition  (220,000  psi  yield  strength).  The  joint  efficiency  of  fusion 
welded  sheets  which  were  welded  in  the  fully  heat  treated  condition  was 
found  to  be  about  80  per  cent. 

Reference :  Giuntole,  A.,  Bergstedt,  P.  W. ,  Turner,  H.  C., 

"Resistance  and  Fusion  Welding  of  U.S.S.  lOMoV 
(422M)  Stainless  Steel,"  General  Dynaraics/Convair 
Report  MP  58-O96,  San  Diego,  California,  30  October 
1958>  (Reference  attached). 
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Rapcrt  No.  W  58-096 
Resistance  and  Fusion  Welding 
Of  U.S.S.  12  MoV  (422m)  Stainless 
Steel 


Materials  for  future  airframes  will  be  required  to  maintain  adequate  mecbanloal 
properties  at  elevated  ten^eratures .  This  will  preclvde  the  use  of  mechanical 
fasteners  in  various  areas  in  the  Interest  of  weight  savings  and  design  con¬ 
siderations.  Two  methods  of  replacing  mechanical  fasteners  are  fusion  and 
resistance  welding. 

U.S.S.  12  MoV  la  one  of  a  class  of  12$  chrondum  stainless  steels  modified 
by  different  alloying  elements  to  avoid  a  brittle  failure  region  extending 
from  700®F.  to  900°F.  inherent  in  the  straight  12$  chromium  stainless  steels. 
These  alloying  modifications  also  tend  to  increase  the  elevated  temperature 
mechanical  properties  of  the  steels. 

The  12  chromium  stainless  steels-straight  or  modlfied-are  air  hardening,  partic¬ 
ularly  in  sheet  form.  This  hardening  characteristic  poses  welding  difficulties. 

OBJECT 

To  determine  the  mechanical  properties  of  fusion  and  resistance  welded  U.S.S. 

12  HoV  (422m)  stainless  steel. 


1)  Resistance  welded  U.S.S.  12  MoV  met  the  Mil-W-6858  Specification  for 
tensile-shear  strength  except  for  the  gage  combination  of  .025-. 050. 

2)  Where  cross -tension  strength  was  determined,  the  indications  were  that 
cross  -tension  to  tensile-shear  ratios  of  0.20  are  possible  with  resistance 
welded  U.S.S.  12  MoV  (422m)  stainless  steel. 

3)  Increasing  temperature  decreased  tensile-shear  and  cross -tension  to 
tensile -shear  ratios  for  resistance  welded  U.S.S.  12  MoT  (422m)  except 
for  the  .025-. 050  combination  where  tensile-shear  strength  increased 
with  Increasing  testing  tenperature. 

4)  The  0.016"  gage  mterial  fusion  welded  to  itself  attained  78$  of  the  room 
temperature  latlmate  strength  of  the  fully  heat  treated  unwelded  parent 
material. 

5)  The  0.050"  gage  material  fusion  welded  to  itself  attained  81$  of  the  room 
tenperature  ultimate  strength  of  the  fully  heat  treated  \inwelded  parent 
material. 

6)  Fusion  weld  joint  strength  and  ductility  decreased  with  increasing  test 
tenperatwe. 
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MATERIAL 

All  sheets  used  for  this  test  were  supplied  by  the  United  States  Steel  Conpany 
from  their  heat  nuisber  18833*  The  material  that  was  tested  Included  0.008, 
0.016,  0.025  and  0.050  inch  thicknesses. 


Strips  1**  X  4"  foi*  tensile-shear  specimens  were  taken  from  sheets  of  all 
thicknesses  listed  above.  Cross-tmsion  specimens  1"  x  3*  with  3/8*  holes 
drilled  on  2"  centers  were  taken  from  the  0.016,  0.025,  and  the  0.050  sheets. 

In  addition  panels  4*  x  12*  for  fusion  welding  were  taken  from  the  0.0l6 
sheet  and  the  0.050  sheet. 

All  the  specimens  were  austenitized  at  1850°F.  for  15  minutes,  in  a  production 
furnace,  anl  air  cooled.  Tendering  at  900®F,  for  4  hours  was  done  in  a 
laboratory  re-circulating  air  funiace. 

The  welding  was  done  by  the  Manufact\xrlng  Research  and  Development.  Their 
welding  procedures  combinations  welded  are  shown  in  Appendix  A. 

'  'ter  welding,  two  tensile  shear  specimens  from  each  resistance  welded  combination 
and  two  specimens  from  the  fusion  welded  0.050"  sheet  were  re-tenpered  at  900®F. 
for  4  ho\irs  in  a  laboratory  re-circulating  air  furnace. 

Sections  for  microscopic  examination  wore  taken  from  each  welded  combination. 
Tukon  hardness  readings  were  made  on  the  .025-.025  and  .050  to  .050  resistance 
welded  naterial  and  the  0.050  fusion  welded  material. 

The  mechanical  properties  were  detonninod  using  a  Baldwin  Universal  Testing 
Machine.  The  heat  source  for  the  elevated  tenperature  test  was  a  re-clrculatlng 
air  furnace  placed  in  the  machine* 

RESULTS 

Table  I  lists  the  tensile-shear  and  cross-teneion  strength  at  various  tenperature 
of  all  the  combinations  resistance  welded.  Table  II  shows  the  mechanical  proper¬ 
ties  at  various  temperatures  of  fusion  welded  .016*  and  .050"  sheet.  Hardness 
traverse  readings  are  listed  in  Table  III* 

Figure  1  shows  the  effect  of  testing  tenperature  on  the  tensile-shear  and  cross¬ 
tension  strength  of  .025*  material  resistance  welded  to  .025*  material.  Figure 
2  shows  the  effect  of  testing  tenperature  on  the  tensile-shear  and  cross- 
tension  strength  aM  the  cross-tension  to  tensile-shear  ratio  of  .025*  sheet 
resistance  welded  to  0.050*  sheet.  Also  shown  in  Figure  2  is  the  effect  of 
tenperature  on  the  cross-tension  strength  of  .016"  sheet  resistance  welded  to 
.050"  sheet.  The  effect  of  tenperature  on  the  tensile* shear  and  cross-tension 
strength  and  the  cross -tension  to  tensile -shear  ratio  of  ,050"  shwt  resistance 
welded  to  .050*  sheet  is  shown  in  Figure  3.  Figure  4  shows  the 
temperature  on  the  ultimate  strength  and  elongation  on  both  the  .016  sheet 
fusion  welded  to  Itself  and  the  .050*  sheet  fusion  welded  to  itself. 
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MgQLTS  fContltmad^ 

Cross  sections  of  the  .050"  sheet  resistance  welded  to  itself,  the  .025"  sheet 
resistance  welded  to  the  .050"  sheet,  and  the  .050  "  sheet  fusion  welded  to 
itself  are  shown  in  Figures  5  and  6,  respectively. 

PISP9§gI9tl 

All  resistance  welded  joints,  except  for  the  0.025"  sheet  welded  to  the  0.050" 
sheet,  met  the  tensile-shear  requireaents  of  M.l-U-6858.  There  was  no  apparent 
reason  why  the  0.025"  to  0.050"  ooobinatlon  should  not  have  met  the  require¬ 
ments  of  Hll-4<f-6858. 

The  tensile -shear  strength  of  both  the  0.025"  sheet  welded  to  itself  and  the 
01050"  sheet  welded  to  Itself  and  the  cross-tension  strength  of  the  0.050"  sheet 
welded  to  Itself  decreased  %fith  increasing  teii|>erature.  The  cross -tension  to 
tensile -shear  strength  ratio  of  the  0.050"  sheet  welded  to  Itself  was  relatively 
un-affected  by  tenperature. 

In  the  instances  where  unlike  thicknesses  were  welded  to  each  other  the  results 
appeared  to  be  quite  differwit.  The  tensile-shear  strength  of  the  0.025"  sheet 
welded  to  the  0.050"  sheet  increased  with  testing  teiqperature .  The  cross - 
tenslob  strength  and  cross-tension  to  tensile -shear  strength  ratio  decreased 
with  teiqperature.  At  both  room  temperature  and  1000**F.  there  was  little 
difference  in  the  cross-tension  strength  of  the  .016*  sheet  welded  to  the 
0.050"  sheet}  an  increase  in  the  cross-tension  strength  was  noticed,  at  the 
intermediate  temperature.  The  tensile-sheair  strength  of  the  0.008"  sheet 
welded  to  the  0.016*  sheet  appeared  to  be  relatively  un-affeoted  throughout 
the  temperature  range  tested.  However,  a  tendency  to  drop  off  at  around 
lOOO^F.  was  noticed. 

When  some  of  the  tensile- shear  specimens  were  re-teiqpered  in  a  furnace  at 
900<’F.  for  4  hours,  an  Increase  of  room  temperature  tensile-shear  strength 
was  observed  except  when  the  0.050  "  sheet  was  welded  to  itself. 

This  points  to  the  fact  that  probably  all  the  welds  except  the  0.050"  sheet 
welded  to  itself  received  insufficient  temper  in  the  machine.  If  this  is 
the  case,  it  would  account  dh'psort.  fpr  the  erratic  behavior  of  the  resistance 
welds. 

The  0.016"  sheet  fusion  welded  to  itself  and  the  0.050"  sheet  fusion  welded 
to  itself  attained  78^  and  81%,  respectively,  of  the  unwelded  fully  heat  treated 
ultinte  strength  of  the  garmat metal  at  room  temperature.  Furnace  tempering 
the  0.050*  sheet  foiion  welded  to  Itself  at  900*7.  for  4  hours  resulted  in 
a  recovery  of  84%  of  the  unwelded  fully  heat  treated  ultimate  strength  of  the 
pcurent  metal,  ^ese  results  seem  to  indicate  that  a  100%  fusion  weld  efficiency 
cannot  be  attained  unless  a  full  heat  treatment  is  employed  after  the  welding 
operations.  However,  further  testing  would  be  needed  to  definitely  determine 
this. 
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DISCUS5IQH  (Continued) 

The  elongation  of  the  fusion  welded  specimens  was  approximately  80J(  lower  than 
the  elongation  for  the  parent  material.  A  re-temper  is  a  furnace  at  900°F. 
for  4  hours  dU  not  inprove  the  welded  ductility. 

Increasing  temperature  resiilted  In  decreasing  ultimate  strength  and  elongation. 
The  failures  occurred  away  from  the  weld  and  appeared  to  take  place  at  the 
edge  of  the  heat  affected  sone  adjacent  to  the  parent  material.  (See  Figure  6). 
This  Is  the  area  where  the  lowest  hardness  readings  were  observed. 


note?  The  data  from  which  this  report  was  written  are  recorded  in  Structures 
and  Materials  Laboratory  Notebook  Mo.  965. 
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APPENDIX  "A" 


WELDING  M,iCHINE  SETTINGS 


CE  WELDING 


All  resistance  welding  was  perfora.ea  an  a  Sciaky  three  phase  machine:  lOOKVA 
with  the  decatron  digital  counter  control. 

The  welding  procedure  was  to  establish  a  nugget  free  from  crack  and  porosity, 
with  a  diameter  based  on  the  formula  4  T.  Penetration  was  controlled  as  close 
as  possible  with  minimum  and  roaxlmun.  limits  being  30-30^  respectively. 

.OOP”  -  .016"  -  Investigation  revealed  these  optimum  weld  conditions: 


Electrode  ^felte^ial 
Electrode  Design 

'Weld  Time 
Electrode  force 
Weld  Current 
Quench  time 
Temper  time 
Temper  cxirrent 


RUMA  Class  III 
5/8”  restricted  diameter 
6”  radius  dome 
2  cycles 
400  pounds 
5400  amps 
30  cycles 
6  cycles 
3200  amps 


.025'*-  .025"  -  Investigation  revealed  these  optimum  weld  conditions! 


Electrode  Material 
Electrode  Design 

Weld  Time 
Weld  current 
Electrode  Force 
Quench  time 
Temper  time 
Temper  current 


RWMA  Class  III 
5/8"  restricted  diameter 
6"  radius  dome 
4  cycles 
9500  amps 
1500  psi 
90  cycles 
4  cycles 
3800  amps. 


,050"  -  Investigation  revealed  these  optimum  weld  conditions: 


Electrode  Material 
Electrode  Design 

Weld  Time 
Weld  Current 
Electrode  Force 
Quench  time 
Temper  Tire 
Temper  current 


RWMi  Class  III 
5/8"  restricted  Dls. 

6"  radius  dome 
5  cycles 
].500  amps. 

2000  psi 
100  cycles 
1  cycle 
9000  amps. 
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-  Investigation  revealed  these  optimum  veld  conditions: 


Electrode  Material 
Electrode  Design 

Held  Time 
Weld  Current 
Electrode  Force 
Quench  Tims 
Temper  time 
Tenqper  current 


RUMA  Class  III 
5/8*'  restricted  dia. 

6*  radius  dome 
7  Cycles 
11000  stops. 

2000  psi 
90  cycles 
6  cycles 
2000  stops. 


Investigation  revealed  these  optimum  weld  conditions: 


Electrode  Material 
Electrode  Design 

Weld  Time 
Weld  Current 
Electrod  Force 
Quench 
Teoper  Time 
Temper  Current 


RWMA  Class  IH 
5/8"  restricted  dla. 

6*  radius  dome 
4  cycles 
13000  stops. 

2000  pel 
90  cycles 
4  cycles 
2600  sups. 


Fusion  welding  was  performed  on  a  mechstnized  weld  fixture  located  in  In  Bldg. 

1  of  Plstnt  II. 

The  material  as  received  from  the  Engineering  Test  Lab.  was  distorted  from  the 
heat  treat.  The  edges  required  a  shear  to  produce  adequate  alignment  when 
claoped  In  the  weld  fixture.  Initial  welds  were  made  on  a  standard  steel 
grooved  backup  bar  plumbed  to  provide  adequate  atmospheric  protection.  The 
weld  exhibited  a  crack  running  the  full  length  of  the  weld  In  the  surea  of  the 
speed  line.  Ihe  standard  backup  bar  ms  replaced  with  a  copper  bsu:  Incorporating 
integral  heating  units.  Butt  welds  were  made  with  no  addition  of  filler  wire 
at  tenperatxires  ranging  from  250°F.  -  500°F.  No  evidence  of  cracking  occured 
at  these  tenperatures  however,  a  problem  of  varpage  of  the  .016”  Baterial  did 
occur  at  the  higher  temperatures  making  welding  difficult. 

The  following  machine  settings  produced  the  most  satisfactory  results: 


Material 

Anps 

Volts 

Speed 

Torch  gas 

Backup  Shield  Gas 


422  N  Steel  .052" 
55 
9 
15 

15  Argon 
15  Argon 
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Electrode  Type  &  Design  1/16*  1!^  thorlated  tungsten,  pointed 

Joint  Design  Square  Butt 

Pre  &  Post  heat  AS&’F, 


Material 

An^8« 

Volt 

Speed 

Torch  Gas 

Backup  Shield  Gas 

Electrode  Type  &  Deslgp 

Joint  Design 

Pre  St  Post  Heat 


422  M  Steel  .016* 

16 

9 

20 

16  Argon 
16  Argon 

•040  1)(  thorlated  tungsten,  pointed 

Square  Butt 

450°F. 


